We use data set of five Asian countries to estimate the frequency and quantile based relationship between stock price index and exchange rate. We apply simple correlation and wavelet based correlation and in accordance with the portfolio balance effect, we find that the two variables are negatively related at all frequencies. Moreover it is found that correlation grows stronger with higher time scales. We further apply quantile regression to observe the various relationships between stock and foreign exchange markets at different quantiles of exchange rates. The results show an interesting pattern in the relation of these two markets in Asia, which indicates that the negative relation is asymmetric across different quantiles of exchange rates and more obvious when exchange rates are extremely low or both high and low.
Introduction
A plethora of empirical research available on exchange rates and stock prices says that exchange rates and stock prices are related. However, the relationship between two variables is still ambiguous as studies have shown contrary results. While some studies like (Ibrahim and Aziz, 2003; Kim, 2003) state that there is a long-term equilibrium relation between stock price index and exchange rate, other studies like (Bahmani-Oskooee and Sohrabian, 1992; Nieh and Lee, 2001; Smyth and Nandha, 2003) argue that the relationship is short-term. Still some studies deny any association between these two variables (Solnik, 1984; Ozair, 2006) .
Among the studies which confirm the relationship, still some conflicting views exist.
Some studies like (Soenen and Hennigar, 1988; Kim, 2003) argue that the relationship should be negative; contrary to this some propose that stock price index and exchange rate should be positively related (Sevuktekin and Nargelecekenler, 2007) . In nutshell, two strands of literature have emerged on analyzing the theoretical foundation of the relationship between stock and foreign exchange markets: the portfolio balance effect (Bahmani-Oskooee and Sohrabian, 1992) and the international trading effect (Aggarwal, 1981) .
Some researchers believe that the connection between these two markets results from the influence of international trading (See for example Aggarwal (1981) ) A change in exchange rate cannot only directly influence the stock prices of multinational and export oriented firms; it can also indirectly affect domestic firms. For multinational firms, exchange rate changes immediately influences the value of its foreign operations and continuously affects the profitability of the firm. Changes in exchange rates also influence, since they still may import their input and export their output. Exchange rate depreciation increases the competitiveness of exports and the input cost of imports will increase. In other words, depreciation will positively (negative) effect export (import) firms and increase (decrease) their stock prices; however, appreciation will cause negative (positive) effect for export (import) firms and decrease (increase) their stock prices. Asian countries are relatively more export-dominant, currency depreciation usually has a positive effect on the domestic stock market in these countries (Ma and Kao, 1990) . Hence, stock prices and exchange rates should be positively correlated in Asian markets based on the international trading effect.
Contrary to Aggarwal (1981) , Bahmani-Oskooee and Sohrabian (1992) used a portfolio balance approach to analyze the influence of stock prices on exchange rates. The upward movement in stock prices increases the wealth of domestic investors, raising the demand for the currency according to the investment portfolio equilibrium theory. The increased demand 3 for money then raises the interest rates, consequently absorbs the inflow of foreign capital and causes the domestic currency to appreciate. Thus, the more optimistic investors regarding the stock market of a country they will increase their investment to this country's stock market because of the speculative demand, and indirectly cause the appreciation of this country's currency. Stock markets and foreign exchange markets in Asian have become increasingly attractive to foreign capital in recent decades, causing the possibility of portfolio balance effect mentioned by Bahmani-Oskooee and Sohrabian (1992) to also exist in Asian markets. However, contrary to the international trading effect, the portfolio balance effect states that stock prices and exchange rates should be negatively correlated.
While most of the studies on relationship between exchange rates and stock prices have done the analysis exclusively in conventional time-domain approach and the frequency domain has been almost ignored. A noteworthy point to be made is that the traders in the financial market deal at different time horizons or dealing frequencies and therefore the link between stock market and foreign exchange market can therefore vary across frequencies.
Thus more precise information on the relationship between exchange rates and stock prices is lost. Likewise it could be interesting to learn how different quantiles of exchange rates react to stock prices.
Our study incorporates these two issues and improvises upon previous studies at least in two ways. One, we decompose the relationship between exchange rates and stock prices and analyze the relationship between them at different time scales. This avoids the time aggregation or frequency aggregation bias, hence exact coefficients at different frequencies or time scales can be calculated. The second innovation is that the relationship is analyzed at different quantiles of exchange rates, rather than as an average relationship. This paper therefore provides a new explanation based on wavelet correlation and quantile regression for the various relationships between these two markets.
The remainder of the paper is organised as follows. Section 2 describes wavelet methodology. Section 3 describes the quantile regression approach. Section 4 presents the data description and results. Finally, Section 5 draws the conclusions.
Multi-scale decomposition of the exchange rate and stock returns using wavelet approach
The relationship between exchange rates and stock prices has been mostly analyzed following conventional time-domain approach and the frequency domain has been ignored. However, 4 some appealing relations may exist at different frequencies. Essentially, the traders in the financial market deal at different time horizons or dealing frequencies. Among the different frequency traders central banks and institutional investors constitute low frequency traders whereas, speculators and market makers are categorised into high frequency traders. These market participants differ in various aspects such as in their beliefs, their expectations, risk profiles, informational sets and many others. The presence of market heterogeneity therefore leads to a presence of different dealing frequencies, and thus different reactions to the same news in the same market. Each market component has its own reaction time to information, related to its time horizon and characteristic dealing frequency (Dacorogna et al., 2001 ). The link between stock market and foreign exchange market can therefore vary across frequencies, and such relationship may even change over time. Given its ability to decompose the time series data into different time scales and modelling financial market heterogeneity wavelet approach is useful.
Basic wavelets in any wavelet family are characterised into two types namely-father wavelets  and mother wavelet  .
Father wavelets
Mother wavelets
The father wavelets are used for the low frequency smooth components parts of a signal and the mother wavelets are used for the high-frequency details components. That is father wavelets are used for the trend components and mother wavelets are used for all the deviation from trend. Hence, a sequence of mother wavelets is used to represent a function and only one father wavelet is used to represents a function. In up to date wavelet literature a number of wavelets families have been introduced. However, in the empirical literature the majority of the literature is concentrated to the use of orthogonal wavelets such as the Haar, Daublets, Symmlets and coiflets. A time series, say
, can be decomposed by the wavelet transformation, which can be expressed as follows:
where J is the number of multiresolution levels, and k ranges from 1 to the number of coefficients in each level. The wavelet coefficients 
, for j=1,2,……. . J
where J is the maximum integer such that J 2 takes value less than the number of observations.
The detail coefficients,
, represents increasing finer scale deviation from the smooth trend and k J s , which represent the smooth coefficient capture the trend. Hence, the wavelet series approximation of the original series
can be expressed follows:
where k J S , is the smooth signal and
are listed in increasing order of the finer scale components.
The wavelet correlation and cross-correlation
The wavelet correlation is simply made up of the wavelet covariance for } , { 
the number of coefficients unaffected by boundary, and 
Quantile regression
Ever since Koenker and Bassett (1978) proposed the approach of quantile regression, several papers used this method to analyze different subjects see for example (Deaton (1997) , Buchinsky (2001) , Bassett and Chen (2001) and Chun Tsai (2012) To minimize the following equation X  characterizes the behaviour of E at the left (right) tail of the conditional distribution. Koenker and d'Orey (1987) proposed that the minimization problems could be solved by linear programming methods.
Data, Results and discussion
For the empirical estimation, monthly data over the period August 1997 to August 2012 of stock prices and exchange rates for five Asian countries were utilised. All the data have been taken from the Thomson database. We transformed both variables in log first difference form in order to have stationary variables. Before, we move for estimation both series are transformed into the first difference of their natural logarithms. This gave both the stationary variables of exchange returns and stock returns.
1 In order to get the rough idea of the correlation between the exchange returns and stock returns, we calculate the simple correlation between exchange returns and stock prices in all the Asian countries under analysis. Our results indicate that for all Asian countries the correlation is negative.
Nevertheless, given the market heterogeneity in the financial markets and its implications for Table 3 Quantile regression results with respective coefficient plots at the bottom. R 2 is the coefficient of determination for OLS regression and Pseudo-coefficient of determination for Quantile regressions. * , * * and ***denote statistically significant at the 1%, 5% and 10% levels respectively. studying the correlation within time domain framework (see section 2), we decompose exchange returns and stock returns into four different time scales ( D1, D2 D3 and D4) using We find weak relationship at lower time scales but stronger relationship at higher time scales or lower frequencies. In particular, for all the countries except Hong Kong we find the relationship gets stronger with the higher time scales or lower frequencies. relationship between returns of stock prices and exchange rates provides an ample proof that stock price affect exchange rates negatively related hence, follows a portfolio balance approach. Following Aggarwal (1981) and Bahmani-Oskooee and Sohrabian (1992) 
Conclusion
We provided two alternative and more relevant assessments of the relationships between exchange rates and stock prices in set of Asian countries. Firstly, we decomposed the exchange rates and stock prices into different time scales in accordance with the market heterogeneity theory. We then calculated the correlation between exchange rate and stock prices at different time scales. Our results showed that the relationship is negative in accordance with the portfolio balance approach and this relationship is heterogeneous across different time scales. In particular, it was found that for four out of five countries the relationship grows stronger with higher time scales.
Next, we preceded with the estimation of this relationship with ordinary least squares.
It was found that the relationship is significantly negative for all the countries except Hong
Kong. The traditional ordinary least squares approach only provided the estimation of median (0.5th quantile) function. We therefore estimated the relationship at different quantiles of exchange rates. The Exchange rate-stock price negative relationship was found to be more obvious either at lowest quantiles (India and Malaysia) or both highest and lowest Quantiles (Korea and Singapore).These results are the unique contribution of this study. The relationship between exchange rate and stock prices are rather heterogeneous across different time scales and quantiles of exchange rates.
